The neuromuscular block induced in cats by depolarizing drugs was intensified and the effect of tubocurarine was reduced by intravenous infusions of propranolol, although by themselves they did not affect contraction of skeletal muscle.
The use of propranolol in the treatment of arrhythmias during anaesthesia has recently been discussed by Vickers (1966) . After intra-arterial injection of comparatively large doses, propranolol, like the structurally related pronethalol (Tiirker and Kiran, 1965) , augments the action of neuromuscular blocking agents (Wislicki and Rosenblum, 1967) . It has been shown that propranolol not only blocks adrenergic beta-receptors but that it also has a sympathomimetic effect, apparently by inducing a release of catecholamines from the adrenal medulla (Kayaalp and Kiran, 1966) . Since, under different conditions, sympathomimetic amines may antagonize or intensify the action of curarizing drugs (Bowman and Raper, 1966) we investigated whether smaller amounts of propranolol can modify the action of neuromuscular blocking substances.
METHODS
Cats were anaesthetized with chloralose 40 mg/kg and urethane 1 g/kg, given intravenously after ether induction. The tendons of the right tibialis anterior and soleus muscles were cut at their insertions and attached to semi-isometric transducers. The ipsilateral sciatic nerve was sectioned near the sciatic notch and mounted on shielded silver electrodes. The leg was secured in a rigid frame and the muscles were placed under a tension of approximately 200 g. The nerve was * Public Health Service research career programme awardee, 5-K3-HE-25.420-02, National Heart Institute. On leave of absence from Department of Pharmacology, Albany Medical College, Albany, New York, U.SA. stimulated by supramaximal square shocks at the rate of 6/min.
Carotid blood pressure was measured by means of a pressure transducer attached to a cannula and the heart rate was determined from the pulsations of the blood pressure. Respiration was recorded by a transducer connected to one arm of the tracheal cannula. All recordings were made with a multichannel polygraph (E. & M. Instrument Co.).
Propranolol was administered by intravenous infusion; though doses differed in various experiments, the volume of the infusions was kept at 2 ml/hr, by adjusting the concentration of the drug.
Drugs. Suxamethonium chloride (3 cats), decamethonium iodide (3), tubocurarine chloride (3), gallamine triethiodide (4) and propranolol hydrochloride were dissolved in 0.9 per cent NaCl; doses are stated in terms of these salts.
RESULTS
The twitch height of indirectly stimulated skeletal muscles was not diminished by intravenous infusions of propranolol in concentrations of up to 60 (Ag/kg/min (11 cats). To test for any interaction between propranolol and curarizing drugs the infusion was started 45-60 min after a test dose of a neuromuscular blocking compound had been given. The dosage of propranolol was 10, 20, 60 (4 cats each) and 40 (1 cat) pig/kg/min. When the effect of propranolol was marked as judged by the bradycardia it produced, the same blocking drug as before was injected again while the infusion continued and the blockade was compared with that obtained before the infusion. With decamethonium such treatment with propranolol increased the depth and duration of the neuromuscular block. From the number of experiments done a dose-response relationship between propranolol dose and depression of neuromuscular transmission could not be established but in the representative case shown in figure 1 a tocal amount of propranolol of 350 ^g/kg given in 35 minutes converted a partial decamethonium block in the anterior tibialis into a complete block and markedly reduced neuromuscular transmission in the soleus muscle. Similar results were obtained with suxamethonium, the brief action of which allowed us to test in the same animal the influence of prolonged propranolol infusions. Such an experiment ( fig. 2 ) indicated that the intensification and prolongation of the suxamethonium block by propranolol were not greater after infusion lasting 2 hours than they had already been after 45 minutes.
Conversely, intravenous administration of propranolol reduced the neuromuscular block caused by tubocurarine. In spite of this, respiration became depressed and blood pressure declined after the second tubocurarine injection in some cases (e.g. fig. 3) The significance of this observation remains uncertain since propranolol infusions by themselves did not depress the respiratory minute volume. The depression of neuromuscular transmission by gallamine was reduced by the propranolol pretreatment in three of four cases but in one cat the gallamine blockade was increased when 10 Hg/kg/min of propranolol had been infused intravenously for 105 min; no explanation was found for this exceptional finding. In two of four cats receiving 10 ixg/kg/min of propranolol in which the pulse rate was taken frequently, a slight tachycardia was observed at the beginning of the infusions, followed by slowing of the pulse. The other animals showed DISCUSSION The changes in the effect of neuromuscular blocking agents seen after intravenous infusions of propranolol differ not only quantitatively but also qualitatively from the intensification of the action of both depolarizing and non-depolarizing blocking drugs observed after intra-arterial injection of greater amounts of propranolol. The effect of these appears to be related to its local anaesthetic action (Wislicki and Rosenblum, 1967) and is similar to the depression of contraction of skeletal muscle caused by quinidine (Wislicki, 1960) . In contrast, the action of intravenous administration of smaller doses of propranolol may be due to its ability to release catecholamines (Kayaalp and Kiran, 1966) which in turn augment the release of acetylcholine (Krnjevic and Miledi, 1958) as indicated by acceleration by adrenaline of the discharge of miniature potentials and by the adrenaline-induced increase in the amplitude of endplate potentials in curarized rat muscle. Since the muscle response to depolarizing drugs resembles that to acetylcholine (Paton, 1951) , an increased release of the latter at the neuromuscular junction after intravenous administration of propranolol would result, by a synergistic action, in an intensification of the neuromuscular blocking effect of decamethonium and suxamethonium. Likewise, it would produce an anti-curare effect, as has been repeatedly observed in frogs (Hutter and Loewenstein, 1955) and mammals (see Bowman, Goldberg and Raper, 1962) .
Catecholamines in large doses act by stabilizing the muscle membrane and by decreasing its electrical excitability (Krnjevic and Miledi, 1958) . Such an action could account, in the presence of an increased sensitivity, for the intensification of the gallamine block occasionally observed after prolonged administration of propranolol in the same manner that it may be responsible for the potentiation by adrenaline of the tubocurarine block seen in rabbits (Naess and Sirens, 1953 
LONDON REFRESHER COURSE IN ANAESTHESIA JANUARY-JUNE 1968
A course of lectures on anaesthesia and related subjects will begin on January 30, 1968, in London.
It is designed, primarily, for those studying for the Final F.F.A.R.CS. examination but others will be welcome if accommodation permits. The course will consist of lectures, demonstrations, ward-rounds and group discussions. The following London Teaching Hospitals have agreed to take part:
Brompton
National Heart Great Ormond Street Postgraduate Guy's St. Thomas's King's University College National, Queen Square Westminster
The participants will be required to attend (on a day-release basis) at the individual hospitals-arranged alphabetically-every Tuesday for 20 weeks. The fee for the course is £35.
All enquiries should be made to the Secretary, Department of Anaesthetics, St. Thomas's Hospital, London, S.E.I.
